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Abstract
Native and heat-treated RNAs from the puriﬁed Schmidt-Ruppin strain of Rous sarcoma virus
(RSV) were fractionated by sucrose density gradients in the presence of ribonuclease inhibitor
diethyl-pyrocarbonate and observed by electron microscopy. The structure of native 60-70S RNA
was classiﬁed into two forms: tanglefolded type and linear type. In the tangle-folded type double
stranded portions were observed in several sites. A high frequency of 60-70S RNA were 1.0 mum
and 3-3.5 mum in length. Molecules with length about 9mum were of the tangle-folded type while
molecules shorter than 6 mum were of the linear form. The structure of heat-treated RNA(30-40S)
was linear with the most frequent length being 1-1.5 mum. These results indicate that native 60-
70S RNA is folded with the total molecular length being in the order of 6 to 9 mum. Molecules
about 3mum long are likely to be the main subunits of 60-70S RNA, and they are fragmented
further into smaller subunits of about 1 mum length.
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Abstract: Native and heat-treated RNAsfrom the purified Schmidt-
Ruppin strain of Rous sarcoma virus (RSY) were fractionated by
sucrose density gradients in the presence of ribonuclease inhibitor
diethyl-pyrocarbonate and observed by electron microscopy. The
structure of native 6O-70S RNA was classified into two forms: tangle-
folded type and linear type. In the tangle-folded type double stranded
portions were observed in several sites. A high frequency of 6O-70S
RNA were 1.0 pm and 3-3.5 pm in length. Molecules with length
about 9,um were of the tangle-folded type while molecules shorter
than 6 pm were of the linear form. The structure ofheat-treated RNA
(30-4OS) was linear with the most frequent length being 1-1.5,um.
These results indicate that native 6O-70S RNA is folded with the total
molecular length being in the order of 6 to 9 flm. Molecules about
3 pm long are likely to be the main subunits of 6O-70S RNA, and they
are fragmented further into smaller subunits of about I flm length.
The RNA tumor virus contains single stranded RNA as the principal
nucleic acid in its nucleoid which appears electron microscopically dense in
the mature virion and tubular in the immature virion (1). Extraction of the
nucleic acid from virions followed by sedimentation analysis reveals a major
RNA species with a sedimentation coefficient of 60-70S and minor RNA
fractions of 4-7S (2-5), but the conformation of these RNAs and their struc-
tural arrangements within the virions have not yet been elucidated. The
large molecular weight 60-70S RNA can be converted to 30-40S subunits and
other small species by treatment with reagents or heating which dissociates
the hydrogen bonding (6, 7). The molecular weight of 30-40S RNA corres-
ponds to about 3-4 X 106 daltons and that of60-70S RNA to about 107 daltons
when calculated from S values and other evidence (8-11). The 60-70S RNA
may consist of three to four subunits linked with hydrogen bonding (12).
The other group communicates a different mechanism of S value conver-
sion after hydrogen bond dissociation; native 60-70S RNA maintains a glo-
bular configuration with many hydrogen bonds spreading over the whole
RNA molecule, and if the hydrogen bonds are dissociated, the peculiar
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secondary and tertiary structure are modulated, which may reflect changes
in the 8 value (7). Therefore, it is extremely important to determine the actual
structure and length of the 60-708 and 30-408 RNAs by electron microscopy.
In the present investigation the RNA molecules extracted from 8R-R8V
were purified by sucrose density gradient centrifugation in the presence of
the ribonuclease inhibitor diethylpyrocarbonate (13). The purified RNA was
observed directly with the electron microscope using the protein, monolayer
technique. Heat-dissociated subunits were also purified and observed in a
similar manner. The molecular length and structure of these RNAs were
analyzed and the implications of these data for changes in 8 value were dis-
cussed. A preliminary report of the findings appeared earlier (14).
MATERIALS AND METHODS
Preparation of virus I: The Schmidt-Ruppin strain of Rous sarcoma virus
(SR-RSV) was kindly supplied by Dr. K. Toyoshima of the Research Institute
for Microbial Diseases, Osaka University, in the form of cultured medium
suspension.
Cultivation of chick cells was carried out as follows. Primary culture of 10-
day old chick embryo fibroblasts (white leghorn, Kimber-137) which were gs-
antigen negative (15) was performed by the method of Rubin (16). Cells from
the embryos were suspended in Eagle's minimum essential medium (MEM)
supplemented with 10% bovine serum and plated in the culture bottles (11 x
5 cm). After 5 days cultivation the cells were removed from the bottles by
trypsinization, resuspended in the above medium containing virus of which the
infectivity titer was 2x103FFU/ml, and transferred to 9cm glass petri dishes at
a concentration of 106 cells per plate. Transformed foci were found on the
fourth day after infection. From the seventh day after infection the culture
medium was replaced by fresh medium containing 3H-uridine (1 pCi/ml) at
intervals of 4hours to label the viral RNA. All cultures were incubated in 5%
CO2 atmosphere at 40°C.
About 1.5 1 of the cultured medium was pooled and temporarily stored at
-20°C. The virus-containing medium was centrifuged at 1,OOOx g for 15 min
to remove the cell debris. The supernatant was centrifuged at 105,000 x g
(Rmax) for 1 hour. The pellet was suspended in STE medium (0.1 M NaCl,
10 mM Tris-Cl, and 1 mlv1 EDTA, pH 7.2) and purified by centrifugation
through a 45 mllinear density gradient of 4-40% sodium tartrate in SSC (0.15 M
NaCl, 0.015 M sodium citrate, pH 7.2) at 105,000 x g (Rmax) for 1 hour at 4°C
(17). After centrifugation the samples were fractionated to 2.5 ml each. A
0.1 ml aliquot of each fraction was added to 7.5 ml of Bray's solution, and the
radioactivity was counted by a liquid scintillation counter (Model 3326 Tri-Carb
Spectrometer, Packard) (18). The peak fractions were monitored and the viral
fractions were collected.
Preparation of virus II: RSV-induced mouse ascites sarcoma (SR-C3HjHe)
2
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established from SR-RSV inducedC3H/He mouse solid sarcoma (19) was kindly
supplied by Prof. T. Yamamoto of the Institute of Medical Science, University
of Tokyo. This ascites sarcoma cell contains no RSV but induces RSV-produc-
ing fibrosarcoma in chicks inoculated in the wing web (20). Therefore, ascites
sarcoma cells were inoculated into the chick wing web. The tumor thus in-
duced was treated with 0.25% trypsin, and cells suspended in the culture medium
were plated on 9 cm glass petri dishes. After 4-5 days cultivation the cells were
removed with 0.25% trypsin and mixed at the rate of 105 cells to lQ6 of normal
chick embryo fibroblasts. The mixed cells were suspended in MEM supple-
mented with 10% heat inactivated bovine serum, plated on 9cm glass petri
dishes (Ll x 106 cells per plate), and cultured. Transformed foci were confirmed
at the seventh day after virus inoculation, and the virus was labeled with 3H_
uridine, as described previously, at intervals of 12 hours. Purification of the
virus was carried out from 500 ml of the cultured medium, as previously de-
scribed.
Extraction ofRNA from purified virus: Extraction of RNA was performed
separately for virus preparation I and II according to the SOS-phenol method
(21). The radioactive peak fractions in the sodium tartrate density gradients
were diluted with the STE containing diethylpyrocarbonate at a final concen-
tration 0.6% (STEO), and centrifuged at 105,OOOxg (Rmax) for 1 hour at 4°C.
Virus pellets were suspended in 1.0 ml of STEO medium containing 0.5%
sodium dodecyl sulfate (SOS), and the suspension was shaken for 10min at room
temperature. Two volumes of phenol saturated with STEO containing 0.5%
SOS were added to the above suspension; the extraction mixture was shaken
gently for 10 min, centrifuged at 2,000 x g for 20 min to accelerate the phase
separation, and the aqueous and intermediate phases were collected. The
above phenol extraction procedure was repeated twice. Finally, the aqueous
phase was collected in a test tube, and sodium acetate was added at a final
concentration 3%. RNA was precipitated by adding two volumes of cold
ethanol and stocked in a freezer at -20°C.
Purification of viral RNA labeled for 4 hours: The precipitated RNA in
ethanol was centrifuged at 1O,000xg for 20 min, and the pellet was suspended
in 0.5 ml of STEO. The RNA solution was layered on top of 5-20% linear
sucrose density gradients, and centrifuged at l20,OOOxg (Rmax) for 2 hours at
4°C. After centrifugation, fractions (8 drops) were collected from the bottom
of the centrifuged tube, and 0.01 ml aliquots from each fraction was added to
7.5 ml of Bray'S solution, and the radioactivity was counted by a Packard liquid
scintillation counter. The peak fraction was used for electron microscopy.
Purification of heat treated and untreated RNA labeled for 12 hours: Ethanol-
precipitated RNA from virus harvested at intervals of 12 hours was suspended
in 1.0 ml of SSC, and 0.5 ml of RNA solution was transferred to another test
tube; one tube was heated in boiling water for 1min and cooled rapidly in ice
water, and the other tube was not heat treated. Each was layered on top of
5-20% linear density gradients in STEO. Centrifugation and fractionation were
performed, as described previously. Marker 28S RNA was obtained as follows.
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Rat liver ribosomal RNA was supplied by Dr. K. Inaba in the author's labora-
tory (22). The RNA in sse was centrifuged in the same density gradient at
160,000 x g (Rmax) for 4 hours. Fractionation was carried out as described
previously. Half a ml of sse was added to each fraction, and the optical
density was measured at a 260 nm wave length by Hitachi EPS-3T spectro-
photometer, and 28S RNA was collected. The purified 28S RNA was recentri-
fuged and fractionated with viral RNA in the same manner.
Eler.:tron microscop)!: Electron micrographs of RNA were obtained using a
modified procedure of the protein monolayer technique of Kleinschmidt et al.
Fig. la. Transformed focus in monolayer culture of chick embryo fibroblasts induced
by RSV. Fig. Ib, Transformed focus in mixed culture of chick embryo fibroblasts and SR-
C3HIHe cell-induced chick fibrosarcoma cells. Figs. Ie and ld. Electron micrographs of
negatively stained virions obtained from the above culture cells (x80, 000).
4
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(23). The spreading solution contained viral RNA in 1M ammonium acetate,
0.01 % cytochrome c, and 0.5% formalin. A drop of the hypophase solution was
placed on parafilm and the spreading solution in the micropipette was placed
on the surface of the hypophase. After spreading, RNA in the cytochrome
monolayer was picked up on carbon-coated grids. The liquid on the grid was
dehydrated by touching it to the surface of absolute alcohol and dried on filter
paper. The sample picked up on the grid was rotary shadowed with platinum
and palladium. The shadowed grids were examined by a Hitachi HU.ll-C elec-
tron microscope. Measurement of the length of RNAwas carried out by tracing
these molecules with a calibrated map ruler. The virus was negatively stained
with 2% phosphotungstic acid (PTA) neutralized with KOH and examined in
the same instrument.
RESULTS
Transformation of chick embryo fibroblas!s Iy ,,'tSV:
were confirmed microscopically before harvesting the
were observed in the foci, as shown in Figs. la and lb.
Transformed foci
virus. Round cells
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Fig.3. Centrifugation pattern of RSV
labeled for 12 hours in a 4-40% sodium tar-
trate linear density gradient.
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Fig. 2. Centrifugation pattern of RSV
labeled for 4 hours in a 4-40% sodium tart-
rate linear density gradient.
Purity of virus: The purification of nucleic acid from viruses requires
a purified virus preparation. In the present study RSV were purified as de-
scribed under the section on Materials and Methods. Figs. 2 and 3 show the
profiles of the labeled RSV in the sodium tartrate gradient. The viral peak
was localized in the middle fractions. The samples in the peak fractions were
negatively stained with phosphotungstic acid and observed under the electron
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Fig. 4. Sedimentation pattern of RSV-RNA labeled for 4 hours. Half ml of
RNA solution was layered on 5-20% sucrose density gradients in STED medium.
Centrifugation and fractionation were carried out as described in Materials and
Methods. The fraction indicated by the arrow was used for electron microscopy.
microscope. Tadpole and spherical forms which are typical features of RNA
tumor virus were observed (24, 25) (Figs. lc and ld). Contaminated materials
were hardly observable. The peak fractions in Figs. 2 and 3 were centri-
fuged, and the pellets were used for RNA extraction.
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Fig.5. Sedimentation patterns of untreated and heat treated RSV-RNAs labeled
for 12 hours. Each 0.5ml of untreated and heat treated RNA in SSC was layered on
5-20% sucrose density gradients in STED. Centrifugation, fractionation, and radio-
activity counting were carried out as described in Materials and Methods. e, un-
treated RNA; 0, heat treated RNA; 6, 28S rat liver ribosomal RNA. The peak
fraction (arrow) was used for electron microscopy.
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Purification ofuntreated viral RNA labeled for 4 hours: Fig. 4 shows the
sucrose density gradient profile of extracted viral RNA. The main peak
was observed at the high molecular weight region (60-70S), and a smaller
peak at the lighter region. The peak fraction of the high molecular weight
region was pooled and used for electron microscopy.
Purification of heat treated and untreated RNAs labeled for 12 hours:
Both RNAs were simultaneously centrifuged under the same conditions to
compare the heat treated RNA and untreated RNA in the density gradient
pattern. Fig. 5 shows the sedimentation pattern of both RNAs and rat liver
ribosomal 28S RNA centrifuged under the same condition.
The high molecuiar weight (60-70S) RNA was converted by heat treat-
ment to low molecular weight (30-~OS) RNA, which was slightly heavier
than 28S ribosomal RNA. The peak of the untreated RNA labeled for
I 2 3 4 5 6
Length of Molecule (}Jm)
Fig. 7. Histogram of length distri-
bution of heat treated 30-405 RNA
purified by 5-20% sucrose gradient
centrifugation. Analyses were made
on 134 molecules.
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Fig. 6. Histogram of lellgth distribution of
untreated 6O-70S viral RNA purified by 5-20%
sucrose density gradient centrifugation. Ninty
molecules were analysed.
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12 hours was wider than that of 4 hour labeled RNA. This may indicate
that intravirion degradation occurs during long culture incubation. The heat
treated low molecular weight fraction (arrow in Fig. 5) was pooled and used
for electron microscopy.
Electron microscopy of the purified RNA: Fig. 6 shows the molecular size
distribution of high molecular weight RNA labeled for 4 hours. The mole-
cular length was heterogeneous. RNA molecules about I J-tm and 3.0-3.5 pm
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Fig. 8. Electron micrographs of molecules of 60-70S RNA in 60-70S fractions ex-
tracted from RSV labeled for 4 hours (>c 30, 000).
long were found in high frequency. Long molecules (')6.5 ,urn) were found
coiled and folded (Fig. 8). Twisted portions which appeared to be double
stranded were measured as two strands, but accurate measurements could not
be determined. The shorter molecules were linear and their molecular lengths
were easily measured. Longer size molecules (>10 f.Lm) exhibiting coiled
feature were occasionally observed in the same grid (Fig. 9), but more
detailed analysis of these molecules was not carried out. Fig. 7 shows
8
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Fig.9. Electron micrograph of long size RNA in 60-70S fraction ext! acted from RSV
labeled for 4 hours. The arrows indicate the continuation (>~ 27, 000).
the histogram of RNA in the heat treated peak fractioI] (30-4-0S). Short
molecules of 1-1.5 f m long were observed in high frequency. All molecules
were in linear form (Fig. 10). Globular-form RNA, such as ribosomal RNA
was not found to be contaminated in all grids.
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Fig. 10. Electron micrographs of linear molecules of 30-40S RNA obtained by heat
treatment of RNA extracted from 12 hour labeled RSV (x30, 000).
DISCUSSION
The 50-70S RNA, the largest species RNA in Band C type tumor
viruses, are believed to be a viral genome. The molecular weight of the
60-70S RNA has been estimated to be about 10 7 daltons (8-11, 25, 27) by
comparing the sedimentation constants and molecular weight of single strand-
ed RNA derived from the tobacco mosaic virus and from other evidence.
When this RNA was heated or treated with agents that disrupt intramolecular
hydrogen bonds, it was converted to 30-1OSRNA and analysed by density
gradient centrifugation an.d gel electrophoresis (6-11). The molecular weight
of 30-40S subunits is estimated to be 3-4 X 106 daltons; therefore, 50-70S
RNA has been postulated to consist of three or four 30-40S subunits (10,12).
10
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It was also suggested that these subunits were electrophoretically different in
tumorigenic and leukemogenic viruses in the avian tumor virus (10, 12).
The alternative explanation of these results is that 60,...70S RNA under-
goes an extreme conformational change in the denaturing condition from
compact to amorphous configuration, as described previously (7). To obtain
more direct evidence on the native structure of 60-70S RNA and the subunit-,
binding mechanism, it would be useful to study the heat treated and untreated
viral RNA by electron microscopy. If the native RNA is treated with RNA-
extending reagents, such as dimethylsulfoxide or formamide, RNA structure
is modified (28,29). Native form may be observed directly without treatment
with the above reagents.
According to Granboulan et at. (28) and Kakefuda and Bader (29), the
molecular length of 6J-70S RNA in avian myeloblastosis virus was in the
order of8-9 pm and that of murine leukemia virus was in the order of 14 f'm.
The present study revealed that 60-70S RNA of RSV was heterogeneous in
molecular size and was usually shorter than 9.5 f"m, and molecules of about
1pm and 3.0-3.5 pm long existed in high frequency. Molecules longer than
6.5 f"m were found to be folded, while the shorter subunits were linear. The
folded molecules had double stranded portions. which were ribonulease resis-
tant, as shown by Travnicek and Riman (30). If native 60-70S RNA is about
9 pm in total length, the molecular weight calculated from the chain length
would be about 107 daltons; this is consistent with the data ofother researchers
(28,31). Molecules of 3.0-3.5 pm would correspond to 30-40S subunits and
three or four subunit molecules would produce 9 f"m genome. But if 1.0-1.5
pm strands are the true subunits, 6-9 molecules would be nessesary to com-
plete the 9 pm RNA chain; the molecular weight of 1.0-1.5 f"m is in the
order of 1.0-1.5 X 10 6 daltons, which is too small to satisfy 10 7 dalton mole-
cule with 3-4 subunits. Several explanations are possible for the heterogeneous
distribution of the molecular length in non-heat-treated 70S RNA and the
higher incidence of 1.0-1.5 pmRNA than 3.0-3.5 pm RNA in the heat treated
30-40S fraction.
First, there is the possibility that the 30-40S RNA strands have labile
sites broken by heat treatment and the shortened strands may attach to each
other, and 30-40S RNA peak contains mixed population of the native sub-
units and pseudo-bound fragments. Second, procedures of specimen prepara-
tion for electron microscopy might dissociate or artificially shorten the RNA
strands to 1.0-1.5 f"m length. Weber et at (32) also reported that the most
common length of the dimethylsulfoxide-treated RNA from avian myelo-
blastosis virus was in 1.0-1.5 f"m. The present data are consistent with the
data of Travnicek et at. (30) suggesting that the binding strength between
11
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each subunit is different and that subunits are present that are smaller than
30-40S RNA (33).
From the present observations and discussion, it may be concluded that
native RNA of SR-RSV has a folded structure measuring about 6-9 pm in
total molecular length and that 3.0-3.5 f-Lm RNA is the principal subunit.
This subunit is further fragmented into much smaller subunits of 1.0-1.5,um
length by drastic treatment such as heat and other unknown conditions
encountered in the processes of specimen preparation for electron microscopy.
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